SUMMARY: The aim of this study was to investigate whether it is necessary to feed Solen marginatus (Pennánt, 1777) larvae externally and the evolution of fatty acids in the neutral and polar lipids during larval development in starved larvae and larvae fed on two different microalgal diets. Larvae were subjected to three different treatments: 1. 10 equivalent cells (Isochrysis galbana, Pavlova lutheri and Chaetoceros calcitrans) plus 20 equivalent cells of Tetraselmis suecica; 2. 80 equivalent cells of I. galbana; and 3. starvation during eight days, and then individuals were re-fed on diet 1. The best results for growth were observed in larvae fed on diet 1. Starved larvae reached the best survival rate at day 8 (66%). However, three days after re-feeding all larvae died, suggesting that the "point of no return" was exceeded. In spite of the large size of S. marginatus eggs and the great amount of stored reserves, the larvae need to feed on microalgae to undergo metamorphosis. Non-methyle-interrupted dienoic fatty acids and their precursors 16:1n-7 and 18:1n-9 are of great importance in starved larvae. Saturated fatty acids, especially 16:0, fuel larval development. A certain degree of bioconversion of 18:2n-6 to 20:4n-6 was observed in S. marginatus larvae.
INTRODUCTION
The razor clam Solen marginatus (Pennánt, 1777) is the most abundant species of Solenidae in Spain. S. marginatus lives buried in sand and/or muddy sand in low intertidal and subtidal zones from Norway to ated with the estuarine areas that the species inhabits, and deficient management of the natural beds. Hatchery production has accordingly gained importance in order to replenish natural beds and to reinforce recruitment. Therefore, hatchery production is of the utmost importance and the first investigations into juvenile production in land-based facilities have been recently carried out (da Costa and Martinez-Patiño 2009) . Diets used in razor clam hatcheries have generally been adapted from those used for other bivalves with more established culture practices, yet the performance of algal diets is often highly species-and stage-specific. Hence, optimizing the species composition of microalgal diets for a specific animal is of vital importance. However, there is currently little information on the nutritional requirements of S. marginatus larvae and no study has been previously reported on the fatty acid composition of S. marginatus larvae exposed to different diets and starvation.
S. marginatus eggs are rich in stored reserves given their large size (150 µm). The chorionic envelope and the lipidic droplet provide energy for embryonic development (da Costa et al. 2011) , which leads to the fast larval development exhibited in this species, which only lasts 8 days. Ockelmann (1965) found that the lecithotrophic mode of development occurs when the diameter of the yolk-mass of ripe eggs is larger than 90 µm, and these species all have a very short pelagic life. Owing to a richer supply of nutrient matter from the egg, these larvae have also become independent of planktonic food. Thus, the large egg of S. marginatus may have lecithotrophic larval development in which food acquisition from plankton is not necessary. Despite this supposition, larval rearing has been successfully carried out by supplying a mixed diet (da Costa and MartinezPatiño 2009) . In the present work we tested starvation to ascertain if S. marginatus larvae are able to settle under phytoplankton deprivation. In starvation experiments the term "point-of-no-return" or PNR is commonly used and denotes the threshold above which larvae can no longer metamorphose even if food was provided again.
Nutrition is one of the dominant factors influencing larval bivalve growth and survival, and has been extensively reviewed in Marshall et al. (2010) . The criteria for selecting a suitable algal diet for bivalve larvae must be based on form, mobility, size, toxicity and the ability of the larvae to trap, ingest, digest and assimilate the alga. Moreover, the food value is determined mostly based on the biochemical composition (lipid, carbohydrate and protein). Essential fatty acids (EFAs), particularly omega-3 fatty acids, eicosapentaenoic acid (20:5n-3, EPA) and docosahexaenoic acid (22:6n-3, DHA), are important for growth and development (Langdon and Waldock 1981) because they are major membrane components (Hendriks et al. 2003) and possible modulators of the membrane function (Palacios et al. 2005) . Bivalves have a very limited capacity for synthesizing EFAs and it is inadequate for meeting their nutritional requirements; therefore, they must be supplied exogenously (Laing et al. 1990, Chu and Greaves 1991) .
It is widely accepted that mixed diets meet better nutritional requirements of bivalve larvae. Isochrysis galbana is a food used worldwide for cultured suspension-feeding bivalves (Webb and Chu 1982) and in the present study it was delivered to razor clams as a standard food particle, and compared with a mixed diet. The main aim of the present work was to test whether it is necessary to externally feed S. marginatus larvae and also the dynamics of fatty acids in the neutral and polar lipids during starvation and with feeding on two phytoplankton diets.
MATERIALS AND METHODS

Larval culture
Adult S. marginatus (>80 mm shell length) were collected from a natural bed in an intertidal area of Redondela, in Ría de Vigo (42°29'N; 08°64'W) (Galicia, NW Spain). Broodstocks were arranged in 200-L rectangular fibreglass tanks at 19±1°C in an open circuit buried in a 30 cm layer of sand for 2 weeks. The individuals were fed daily with a mixed culture of Tetraselmis suecica, Isochrysis galbana, Pavlova lutheri, Chaetoceros calcitrans, Phaeodactylum tricornutum and Skeletonema marinoï in equal proportions, representing a ration of 5.5% of dry meat weight in dry algal weight per day (3×10 9 cells/razor clam/day). Fifty individuals were placed into 200 L tanks and held on row bars tied individually with rubber bands for spawning induction. Razor clams were subjected to thermal shock, with temperatures up to 25-27°C for 1 h, decreasing to 10-12°C for 30 min. A total of 3-4 cycles were performed. An additional stimulus was provided by adding stripped gametes and microalgae. The specimens responding to the stimulus were separated into individual 1 L test tubes for the release of sperm or eggs, thus avoiding polyspermy. A mixture of sperm from 3 to 4 males was used for fertilization at a ratio of 2 ml of sperm per litre of egg suspension (Helm et al. 2004) . Fertilization was conducted in a 5-l flask. After fertilization, the eggs were sieved through a 60-lm screen to eliminate excess sperm. Then, the embryos were transferred to 150-L larval culture tanks. The temperature was set at 19±1°C and water was changed every second day using 1 µm sand-filtered, UV-sterilized seawater. No food was provided during embryo incubation. The experiment started on day 1 and larvae were split into six batches for duplicate exposure to three nutritional regimes: 1: A mixed diet consisting of 10 cells µL -1 of I. galbana, P. lutheri and C. calcitrans, plus 20 cells µL -1 of T. suecica; 2: A single diet consisting of 80 cells µL -1 of I. galbana; 3: 8 days of starvation (until settlement occurred in treatments 1 and 2), and thereafter razor clam larvae were re-fed on diet 1. Larval density was set at 5 individuals mL -1 at the beginning of the experiment. Larvae were collected with nytex screens and the shell length was measured on 100 individuals per tank using a binocular microscope connected to an image analyzer to determine the growth pattern.
Fatty acid analysis
Samples of 20,000 larvae (day 1 and 8) per tank and four samples of diets were filtered and crushed on Whatman GF/C filters, washed with 3% ammonium formate and stored in a CHCl 3 -MeOH mixture (2:1, v/v) at -20°C. The microalgal mixture was sampled at the exponential phase of culture (7 days). The neutral and polar lipids were separated by micro-column liquid chromatography as described by Marty et al. (1992) . Total lipids were evaporated to dryness and dissolved three times using 500 µL of chloroform/methanol (98:2). Neutral and polar lipids were separated on a silica gel 6% (w/w) hydrated microcolumn (30×5 mm) using chloroform/methanol (98:2) and methanol successively as eluting solvents. The fractions were collected under nitrogen in a screw-capped flask containing a known amount of 23:0 as internal standard for quantitative determinations. Fatty acids from the neutral and polar lipid fractions were transesterified with 10% (w/w) BF 3 in methanol (Metcalfe and Schmitz 1961) for 10 min at 100°C. After cooling, fatty acid methyl esters were extracted with hexane. The organic phase was evaporated under nitrogen and dissolved in hexane for purification by HPLC (Soudant et al. 1995) . The fatty acid composition and quantification of neutral and polar lipids were determined using gas chromatography (Variant, CP-3800), equipped with a fused silica capillary column (JW SCIEN, 30 m length, 0.25 mm i.d., 0.25 µm film thickness), with a cool on-column injector at 63°C. The carrier gas was H 2 , at a initial pressure of 80 kPa. The oven was programmed to stay at an initial temperature of 60°C for 2 min, increase from 60 to 160°C at a rate 50°C/min, stay there for 2 min, then increase from 160 to 170°C at 1.5°C/min, then from 170 to 185°C at 2°C/ min, then from 185-240°C at 3°C/min, and finally remain at 240°C for 10 min. The detector temperature was 250°C. Fatty acids were identified by comparing their retention times with those of standards. A response factor was calculated for each fatty acid in order to perform quantitative analyses.
Statistical analyses
Group normality (shell length) was initially evaluated using an Kolmogorov-Smirnov test and then one-way ANOVA for significant differences between groups. The homogeneity of variances was checked by means of a Barlett test. When necessary, post hoc analyses with Tukey's multiple range test were applied. Percentage data were arcsine-transformed to normalize variance (Sokal and Rohlf 1995) . Comparison of survival was performed using a Kruskal-Wallis non-parametric test followed by a pair wise U-MannWhitney test. Differences were considered to be statistically significant when P<0.05.
RESULTS
Growth and survival
Larvae fed on a mixed diet (diet 1) exhibited a faster growth rate and longer length at settlement (day 8) than those fed with the I. galbana diet (diet 2) (P<0.05) ( Table 1) . Starved larvae exhibited poor growth during the experiment, but they increased in size by 26 µm at the end of the experiment. The highest survival rate was observed in starved larvae on day 8(66.4%); however, 3 days after they had been fed larvae died. Diet 1 exhibited a significantly higher survival rate than diet 2 (P<0.05), 49.0 and 28.9% respectively. Table 2 shows the fatty acid composition of the two different experimental diets. The main fatty acids found in the mixed diet (I. galbana, P. lutheri, C. calcitrans and T. suecica; diet 1) were 14:0, 18:2n-6, 18:1n-9, 18:3n-3, 18:4n-3, 16:0 and DHA. Total percentages for saturated (SAFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids were 28.4, 20.1 and 49.6% respectively. The n-3:n-6 ratio was 2.3.
Fatty acid composition of the diets
The main fatty acids found in the single I. galbana diet (diet 2) were 18:4n-3, 18:3n-3, DHA, 14:0, 16:0, 18:0 and 18:2n-6. The PUFAs and SAFAs were higher than in diet 1, while MUFAs were lower. The n-3:n-6 ratio was 4.1, nearly double that found in diet 1. Table 3 shows the main fatty acid content (ng individual -1 ) of neutral lipids at the start and end of the experiment in the three treatments. D-shaped larvae (day 1) stored mainly 16:0, 16:1n-7, EPA, 18:1n-9, 14:0 and DHA in the neutral lipid fraction. At the end of the experiment, larvae fed on the I. galbana diet (diet 2) exhibited greater storage of 14:0, 18:1n-9, 18:2n-6 and DHA in neutral lipids than larvae fed on diet 1, even though the I. galbana diet provided these fatty Mean values within the same columns with different superscript letters are significantly different (P<0.05). acids in a lower quantity than the mixed diet (diet 1). Conversely, diet 2 led to a higher accumulation of 16:0, 18:3n-3 and 18:4n-3 in larvae compared to those fed with diet 1, despite the lower fatty acid composition of the diet. Larvae fed diet 2 on day 8 stored less EPA in the neutral fatty acids than those fed diet 1. Larvae fed diet 2 stored more total SAFAs, MUFAs, PUFAs and total fatty acids in neutral lipids at the end of the experiment. Neutral fatty acids stored in the larvae exposed to 8 days of starvation were 16:0, 18:1n-9, 18:0, EPA and DHA. Larvae fed on diet 2 accumulated a similar amount of fatty acids in neutral lipids than those fed diet 1 (P>0.05). Total fatty acids in neutral lipids were depleted to 2.97 ng individual -1 in starved larvae. A higher proportion of 18:2n-6 was observed in larvae fed diet 2 (P<0.05), although no differences were found in the AA proportion (Fig. 1) . Diet 2 led to greater storage in larvae of 18:3n-3 and 18:4n-3 than diet 1, whilst EPA was present in a higher proportion in larvae fed diet 1. Larvae fed diet 1 showed a lower percentage of DHA than those fed on diet 2 (P<0.05). Non-methylene-interrupted dienoic fatty acids (NMID) were lower in both diets compared to 1 day old larvae (P<0.05). The total NMID percentage was higher in starved larvae compared to the rest of the groups studied (P<0.05).
Fatty acid composition of the larvae
The SAFAs 14:0, 16:0 and 18:0 were selectively incorporated in the polar lipids of larvae fed on diet 1, and in higher amounts than in the larvae fed on diet 2 (Table 4 ). The MUFA 18:1n-9 was not affected by the diet, showing similar amounts in the polar lipids, while 18:1n-7 was higher in larvae fed on diet 1 due 
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to the higher amount provided by diet 1. The PUFAs 20:4n-6 (AA), EPA and DHA were higher in diet 1. Total fatty acids in polar lipids were significantly higher in diet 1 compared to diet 2 (P<0.05). In the starved larvae total fatty acids in polar lipids were similar to the amount present in the larvae at the start of the experiment. The PUFA 18:2n-6 was observed in a higher proportion than in diet 2 (Fig. 2) . The percentage of DHA was similar in larvae fed on diet 1 and starved larvae. In contrast, the percentage of AA and EPA was higher in starved larvae compared to larvae fed on diets 1 and 2. The 20:2NMID, 22:2NMID and total NMID were significantly higher in the starved larvae compared to the rest of the groups (P<0.05).
In the neutral lipids of the larvae subjected to the experimental diets, it was observed that the four fatty acids which accounted for the highest net increase were the same: 14:0, 18:2n-6, 18:3n-3 and 18:4n-3, although their order was different (Table 5) . A common pattern was observed in the highest net decreases: the losses were led by EPA in both diets. All the fatty acids in the polar lipids studied increased in the fed larvae, the four fatty acids that decreased most were the same in both diets: 16:0, 18:0, DHA and 18:1n-9. Although the ARA supplied in diet 2 was 7.17-fold lower than in diet 1, its increase in the polar lipids was only 1.85-fold lower compared to larvae fed on diet 1.
The main fatty acids that were observed to decline in neutral lipids of starved larvae with respect to those of day 1 were 16:0, 16:1n-7, EPA and 18:1n-9 (Table  6) . Meanwhile, the comparison of starved and fed larvae on day 8 showed that the highest negative dif- ferentials in neutral lipids were for SAFAs 16:0 and 14:0 in both diets, followed by MUFAs 16:1n-7 and 18:1n-9 in the mixed diet (diet 1) and by 18:1n-9 and 18:2n-6 in the single diet (diet 2). Although NMID decreased in the neutral lipids of starved larvae during the study, when starved larvae were compared with fed larvae the NMIDs remained unchanged. The highest net losses in polar lipids in starved larvae were found in 16:0, EPA, DHA and 16:1n-7. When starved larvae were compared with fed larvae a similar behaviour was shown in both diets, as 16:0, 18:0, DHA and 18:1n-9 were the fatty acids that showed the highest negative differentials, although the order of importance of 18:0 and DHA varied among diets. NMIDs in polar lipids of starved larvae increased slightly.
DISCUSSION
Starved larvae reached the best survival rate at day 8 (66%): larvae were still actively swimming and showed no sign of exhaustion. However, three days after feeding they all died. Previous studies on starvation of S. marginatus larvae pointed out that larvae were able to settle at day 10 post-fertilization after 5 days of starvation once they were re-fed (da Costa, unpublished data). This suggests that after 8 days of starvation S. marginatus larvae had lost too many energy reserves to survive after feeding was initiated, thus the "point of no return" or PNR was exceeded. We consider that the PNR may be between day 5 and day 8 in this species. Following standard larval development, S. marginatus reach the pediveliger stage on day 5 and settlement oc- TaBlE 6 . -Net loss of fatty acids in neutral and polar lipids in the starved larvae on day 8 with respect to those of day 1 (Starved-day 1) and differentials of fatty acid content between starved larvae on day 8 and fed larvae on day 8 (Starv-Diet 1 and Starv-Diet 2) expressed in ng individual -1 . Variations are calculated from mean values. -0.447 -10.582 -17.444 -0.156 -13.842 -8.543 curs on day 8-9 (da Costa and Martinez-Patiño 2009). Therefore, when the larva is deprived of food for 8 days (duration of standard larval development) the stored reserves needed for metamorphosis are exhausted. Moreover, as suggested by Ben Kheder et al. (2010) the food supply is necessary for stimulating the digestive system in early larvae. Ostrea edulis larvae reached the PNR after 7 days of starvation, when the reserves were exhausted (Labarta et al. 1999) , while for Ruditapes philippinarum D-shaped larvae the PNR was found to be at 4.5 days (Yan et al. 2009 ). Despite larger egg sizes and therefore a greater amount of stored reserves (da Costa et al. 2011) , S. marginatus larvae need to feed on microalgae to undergo metamorphosis. Larvae fed on diet 1 exhibited slightly higher growth in length than those fed on diet 2, settling at 287.5 µm length, although differences were not significant (P>0.05). Larvae fed on diet 1 selectively incorporated more fatty acids in the polar lipid compartment, thus allocating more energy to growth and incorporating fatty acids in membranes than storing fatty acid reserves in neutral lipids. In contrast, those fed on diet 2 stored more fatty acids in the neutral lipid fraction. Moreover, the survival rate of larvae fed on diet 1 was twice as high as that of larvae fed on diet 2.
According to Helm and Laing (1987) , differences in the development between treatments may not be solely due to the presence or absence of essential components in the diet, but also to the equilibrium between them. Diet 1 provided higher amounts of EPA, while diet 2 supplied more DHA. Accordingly, larvae fed on diet 1 showed a higher EPA content in neutral lipids, while larvae fed on diet 2 mainly stored DHA. Larvae fed on diet 1 incorporated more EPA in polar lipids than the larvae fed on diet 2 due to the higher EPA content in the diet. In larvae fed on diet 1 DHA is transferred to polar lipids, thus resulting in a depletion of DHA in the neutral lipids during larval development. DHA in larval polar lipids showed no differences in the two diets assayed, which means that there is a threshold for its incorporation. This highlights the importance of DHA in polar lipids for S. marginatus metamorphosis and that DHA dietary variations are not reflected in DHA incorporated in membranes. In neutral lipids for both diets EPA is used as an energy source, and in polar lipids the higher EPA content in diet 1 resulted in higher EPA enrichment in larval polar lipids. It has been reported that in Placopecten magellanicus larvae DHA was preferentially accumulated and/or retained at the expense of EPA, thus suggesting that DHA plays an important role in sustaining larval development (Pernet et al. 2005) . A similar pattern was observed in the polar lipids of Pecten maximus (Marty et al. 1992 , Delaunay et al. 1993 and Crassadoma gigantea larvae (Whyte et al. 1992) .
The importance of AA in invertebrate species is due to the role it plays in eicosanoids production and the stress response (Howard and Stanley 1999) . In this study AA was found in low quantities in I. galbana (diet 2, 0.17% of total fatty acids), similar to the values reported for I. galbana grown at 5°C (Farías et al. 2003) . However, Delaunay et al. (1993) did not find AA in T-Iso, the tropical strain. The percentage of AA in the mixed diet (diet 1) was 1.22%. The accumulation of AA in neutral lipids did not seem to be linked to the diet, as there were no significant differences in AA amounts in neutral lipids of 8-day-old larvae fed on the two diets. Although the AA content in diet 1 is 7.2-fold higher than in diet 2, in polar lipids of the larvae the difference was lower, as it was only 1.85-fold higher in larvae fed on diet 1 compared to those fed on diet 2. Thus, there is selective incorporation of AA in polar lipids of larvae fed with diet 2 because diet 2 has very little AA and the larvae showed a significant increase in the AA value compared to the value in day-1-larvae. Two explanations can be proposed: 1. That larvae selectively accumulate AA in polar lipids due to its deficiency in diet 2, as previously suggested by Pernet and Tremblay (2004) for Placopecten magellanicus. These authors observed that larvae fed on a severely deficient AA diet selectively accumulated AA by a factor of three compared to the dietary amount; 2. That S. marginatus larvae are able to synthesize AA by desaturation and elongation from 18:2 n-6. This fatty acid, which is abundant in the diets, transforms into 20:2n-6 by means of elongation. We note that 20:2n-6 did not originate from the diet since it is absent in diet 1 and its value is low in diet 2 (0.03%). The desaturation of 20:2n-6 to 20:3n-6 may occur as 20:3n-6 is also present is very low amounts in both diets; however, a certain increase in polar lipids was observed. Therefore, we suggest that the polar lipids of S. marginatus larvae could be able to to synthesize AA. In Mesodesma mactroides De Moreno et al. (1976) observed a marked ability to elongate 18:2n-6 to 20:2n-6, but desaturation to AA was not observed. Similarly, Chu and Greaves (1991) reported elongation of 18:2n-6 to 20:2n-6 in Crassostrea virginica, but they only observed desaturation of 18:2-6 in one oyster. In Crassostrea gigas juveniles Waldock and Holland (1974) demonstrated that oysters can elongate and desaturate fatty acids to EPA and DHA to a small degree, but at a low rate not sufficient for sustaining optimum growth. Therefore, AA synthesis in S. marginatus must be demonstrated in future studies with an adequate experimental design.
Starvation affected both the proportion and amount of fatty acids in neutral and polar lipids. The highest losses of fatty acids in neutral lipids of starved larvae were observed in 16:0, 16:1n-7, EPA and 18:1n-9. Moreover, when the neutral lipids in starved larvae on day 8 were compared with those of fed larvae, the greatest differences were found in 16:0, 14:0 and 18:1n-9. Therefore, SAFAs 16:0 and 14:0 play the role of energy sources and 16:1n-7 and 18:1n-9 are linked with NMID production (see discussion below on NMIDs). Moreover, the proportion of EPA+DHA+AA with respect to the total PUFA in neutral lipids of starved larvae is similar to that found in the larvae on day 1, and is higher than in the fed larvae. This suggests that unfed larvae conserve the relative amount of these three fatty acids in their PUFA in neutral lipids as a reservoir for polar lipids. However, EPA+DHA+AA with respect to the total PUFA in polar lipids on day 8 showed similar values in starved and fed larvae (42-47%), which might be an adaptation of S. marginatus larvae in order to adjust membrane fluidity and permeability.
A few studies have reported increases in NMID in starved larvae and spat (Thompson and Harrison 1992, Caers et al. 1999) . In the present work, total NMID percentages were significantly higher in starved larvae at the end of the experiment in both neutral and lipid fractions compared to larvae at day 1 and larvae fed on the two different diets. Therefore, in neutral lipids NMIDs are not affected by the feeding supply or starvation. However, their content in the polar lipid fraction is significantly lower in starved larvae. The pathway of biosynthesis of NMID fatty acids by elongation and Δ5 desaturation of 16:1n-7 and 18:1n-9 was established by Zhukova (1991) . In fed larvae 16:1n-7 and 18:1n-9 are provided by the phytoplankton; however, in the starved larvae these fatty acids come from reserves stored in the egg. The higher content of NMID precursors (i.e. 18:1n-7 and 18:1n-9) exhibited in diet 1 does not contribute to a higher NMID content in the neutral and polar lipid fractions. Therefore, S. marginatus larvae seem to be genetically driven to biosynthesize NMID during larval development independently of the precursors provided by the diet. Likewise, severe depletion of MUFAs in neutral lipids and a slight depletion in polar lipids was observed in the starved larvae. Therefore, it can be proposed that MUFAs in neutral lipids are the precursors of NMID that will be stored in the neutral lipids and subsequently transferred to the polar lipids. This suggests the importance of NMID fatty acids in S. marginatus larvae subjected to food deprivation. Our observations supported the findings of Paradis and Ackman (1977) , who suggested that NMID fatty acids were biochemically inert and somehow resistant to catabolism. Two possible functions were proposed for NMID in the neutral lipids of S. marginatus larvae (da Costa et al. 2011) . NMID in neutral lipids can be a temporary reservoir for NMID in polar lipids or used as an energy source. We consider the first option more realistic.
In summary, the present study highlights that S. marginatus larvae need an external phytoplankton supply to undergo metamorphosis. Moreover, the larvae reached the point of no return by 8 days. In addition, NMIDs and their precursors 16:1n-7 and 18:1n-9 were observed to be very important in starved S. marginatus larvae. EPA is used as an energy source in neutral lipids in starved and fed larvae, whilst DHA is selectively accumulated in polar lipids in metamorphosis. SAFAs, especially 16:0, are an important energy source during larval development in S. marginatus. This study also suggests the possibility that 18:2n-6 can be bioconverted to AA. Further nutritional studies on S. marginatus larval development are needed to validate these results.
